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1
ROUTE REQUEST MEDIATION
APPARATUS, CONTROL APPARATTUS,
ROUTE REQUEST MEDIATION METHOD
AND PROGRAM

REFERENCE TO RELATED APPLICATION

The present application is a National Stage Entry of
PCT/IP2013/056236 filed Mar. 7, 2013, which is based upon
and claims the benefit of the priority of Japanese patent
application No. 2012-051117 filed on Mar. 8, 2012, the
disclosures of all of which are incorporated herein in their
entirety by reference.

TECHNICAL FIELD

The present invention relates to a route request mediation
apparatus, control apparatus, route request mediation
method and program, and particularly to a route request
mediation apparatus, control apparatus, route request media-
tion method and program that operate in concert with a
plurality of route request mediation apparatuses.

BACKGROUND

In recent years, a technology called OpenFlow has been
proposed (refer to Non-Patent Literatures 1 and 2). Open-
Flow treats communication as an end-to-end flow, and a
central control apparatus called OpenFlow controller per-
forms route control, failure recovery, load balancing, and
optimization for each flow by controlling an OpenFlow
switch.

Patent Literature 1 discloses a configuration that enables
a user to view content with a bandwidth guarantee when he
views it from a content server across a plurality of ISPs.
According to the literature, out of two communication
apparatuses (DTE-a and the content server o) that perform
data forwarding across a plurality of ISPs (ISP-a and ISP-b)
on the Internet, one of the communication apparatuses
applies to a bandwidth allocation intermediate server (broker
server f3) that brokers the allocation of transmission band-
width on the Internet to allocate bandwidth for a data
transmission path on which data is transmitted, and the
bandwidth allocation intermediate server allocates the trans-
mission bandwidth for the data transmission path on behalf
of the two communication apparatuses.

[Patent Literature 1]

Japanese Patent Kokai Publication No.
344499A

[Non-Patent Literature 1]

Nick McKeown, et. al. “OpenFlow: Enabling Innovation
in Campus Networks,” [online], [searched on Feb. 8, 2012],
the Internet <URL: http://www.opentlow.org/documents/
openflow-wp-latest.pdf>

[Non-Patent Literature 2]

“OpenFlow Switch Specification” Version 1.1.0 Imple-
mented (Wire Protocol 0x02), [online], [searched on Feb. 8§,
2012], the Internet <URL: http://www.openflow.org/docu-
ments/opentlow-spec-v1.1.0.pdf>

JP-P2002-

SUMMARY

The following analysis is given by the present invention.
It is predicted that end-to-end communications will be
performed across a plurality of networks when central
control networks such as the ones described in Non-Patent
Literatures 1 and 2 are constructed by telecommunications
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2

carriers and corporations, and are connected to each other.
When it happens, the issue will be how central control
apparatuses controlling routes and bandwidth operate with
each other to allocate resources required for the communi-
cations.

In this regard, the configuration of Patent Literature 1 has
a problem that the bandwidth allocation intermediate server
(broker server f§) grasping the address, etc., of the policy
server of each ISP must be provided. Further, in the con-
figuration of Patent Literature 1, the bandwidth allocation
intermediate server (broker server f§) transmits a policy (the
order number, the IP address of the user, the IP address of the
content provider, the allocated bandwidth, the reservation
start date and time, etc.) to a policy server between the two
communication apparatuses, but when no policy server is
able to secure the required line bandwidth, the reservation is
not possible and line bandwidths already secured by other
policy servers must be instructed to be released. This may
cause a situation in which line bandwidths are reserved more
than necessary, and if the release command is delayed, the
utilization efficiency of the line will decrease.

It is an object of the present invention to provide a route
request mediation apparatus, control apparatus, route
request mediation method, and program capable of effec-
tively allocating individual network resources even without
using an intermediate server, such as the one described in
Patent Literature 1, in a configuration in which central
control networks, such as the ones described in Non-Patent
Literatures 1 and 2, are mutually connected.

According to a first aspect, there is provided a route
request mediation apparatus comprising a resource manage-
ment unit that manages a resource of a network to be
managed, a request receiving unit that receives a route
request with an added service level condition from a user or
another route request mediation apparatus, a negotiation
status management unit that forwards the route request to a
destination specified by the route request, and manages a
negotiation status based on a response from the destination;
an acceptance assessment unit that assesses whether or not
to accept the route request by referring to the negotiation
status managed by the negotiation status management unit
and to the resource management unit, and a response send-
ing unit that responds with an assessment result indicating
whether or not the route request is accepted to the request
source of the route request.

According to a second aspect, there is provided a control
apparatus realizing a route request accepted by the route
request mediation apparatus above by controlling a switch in
a network.

According to a third aspect, there is provided a route
request mediation method performed by a route request
mediation apparatus comprising a resource management
unit that manages a resource of a network to be managed;
and the route request mediation method includes receiving a
route request with an added service level condition from a
user or another route request mediation apparatus, forward-
ing the route request to a destination specified by the route
request and managing a negotiation status based on a
response from the destination, assessing whether or not to
accept the route request by referring to the negotiation status
managed by the negotiation status management unit and to
the resource management unit, and responding with an
assessment result indicating whether or not the route request
is accepted to the request source of the route request. The
present method is tied to a particular machine, which is the
route request mediation apparatus that receives a route
request from a user or another route request mediation
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apparatus and allocates a resource by working together with
other route request mediation apparatuses.

According to a fourth aspect, there is provided a program
having a computer that constitutes a route request mediation
apparatus comprising a resource management unit that man-
ages a resource of a network to be managed execute a
process of receiving a route request with an added service
level condition from a user or another route request media-
tion apparatus, a process of forwarding the route request to
a destination specified by the route request and managing a
negotiation status based on a response from the destination,
a process of assessing whether or not to accept the route
request by referring to the negotiation status managed by the
negotiation status management unit and to the resource
management unit, and a process of responding with an
assessment result indicating whether or not the route request
is accepted to the request source of the route request.
Further, this program can be stored in a computer-readable
storage medium. In other words, the present invention can
be realized as a computer program product.

The meritorious effects of the present invention are sum-
marized as follows.

According to the present disclosure, individual network
resources can be suitably allocated without using an inter-
mediate server in a configuration in which central control
networks are mutually connected.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a drawing showing the configuration of an
exemplary embodiment of the present disclosure.

FIG. 2 is a sequence diagram showing the basic operation
of an exemplary embodiment of the present disclosure.

FIG. 3 is another sequence diagram showing the basic
operation of an exemplary embodiment of the present dis-
closure.

FIG. 4 is a drawing showing the configuration of a route
request mediation apparatus of a first exemplary embodi-
ment of the present disclosure.

FIG. 5 is a drawing showing an example of a table held
by a negotiation status management unit of the route request
mediation apparatus of the first exemplary embodiment of
the present disclosure.

FIG. 6 is a drawing showing a flow of updating the
negotiation status table by the negotiation status manage-
ment unit of the route request mediation apparatus of the first
exemplary embodiment of the present disclosure.

FIG. 7 is another drawing showing a flow of updating the
negotiation status table by the negotiation status manage-
ment unit of the route request mediation apparatus of the first
exemplary embodiment of the present disclosure.

FIG. 8 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 9 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 10 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 11 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 12 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.
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FIG. 13 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 14 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 15 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 16 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 17 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 18 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 19 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

FIG. 20 is a drawing showing the operation of the route
request mediation apparatus of the first exemplary embodi-
ment of the present disclosure.

PREFERRED MODES

First, a summary of an exemplary embodiment of the
present disclosure will be given with reference to the draw-
ings. Note that drawing reference signs in the summary are
given to each element for convenience as examples solely
for facilitating understanding and the present disclosure is
not limited to the exemplary embodiments shown in the
drawings.

As shown in FIG. 1, the present disclosure, in an exem-
plary embodiment thereof, can be realized with a configu-
ration in which at least one route request mediation appa-
ratus 10 is provided in each network. Each route request
mediation apparatus 10 comprises a resource management
unit that manages a resource of a network to be managed; a
request receiving unit that receives a route request with an
added service level condition from a user or another route
request mediation apparatus; a negotiation status manage-
ment unit that forwards the route request to a destination
specified by the route request, and manages a negotiation
status based on a response from the destination; an accep-
tance assessment unit that assesses whether or not to accept
the route request by referring to the negotiation status
managed by the negotiation status management unit and to
the resource management unit; and a response sending unit
that responds with an assessment result indicating whether
or not the route request is accepted to the request source of
the route request.

FIG. 2 is a sequence diagram showing the operation
between the route request mediation apparatuses 10A, 10B,
and 10C of the present exemplary embodiment. As shown in
FIG. 2, when receiving a route request with an added service
level condition (condition A1) from a user or another route
request mediation apparatus, the first route request media-
tion apparatus 10A forwards the route request to a destina-
tion (here, the destination is a network in which the route
request mediation apparatus 10C is provided) specified by
the route request (S001).

Having received the route request, the second route
request mediation apparatus 10B transmits only the fact that
the route request has been received, not a response to the
route request, to the first route request mediation apparatus
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10A (S002). Next, the second route request mediation appa-
ratus 10B forwards the route request to the destination (the
third route request mediation apparatus 10C) specified by
the route request (S003).

Having received the route request, the third route request
mediation apparatus 10C checks whether or not a resource
requested by the route request can be provided based on the
usage and availability of resources managed by the resource
management unit, and responds to the second route request
mediation apparatus 10B (S004). This response includes the
amount of the resource (condition A2) that the third route
request mediation apparatus 10C is able to provide to the
route request source even when the entire amount of the
resource requested by the route request cannot be provided
(NG).

The second route request mediation apparatus 10B for-
wards this response to the first route request mediation
apparatus 10A (S005).

As a result, the route request source is able to determine
whether or not to resend the route request with a condition
(condition Al) with a lowered service level after grasping
the amount of a resource that the third route request media-
tion apparatus 10C can provide. In the example of FIG. 2,
since the route request is resent to the first route request
mediation apparatus 10A with a service level condition
degraded to the level of the condition (A2) in the response
from the third route request mediation apparatus 10C, the
negotiation is settled and the resource is allocated to each of
the route request mediation apparatuses 10A to 10C under
the degraded condition (A2) (S006 to S010).

Meanwhile, when the amount of the resource indicated in
the response from the third route request mediation appara-
tus 10C is deemed to be insufficient, a route request with a
condition B1 may be sent to a fourth route request mediation
apparatus 10D capable of providing the same service as the
third route request mediation apparatus 10C and provided in
anther network, as shown in S016 to S020 in FIG. 3.

As described, according to the present exemplary embodi-
ment, realized is an interactive mediation protocol in which
the route request mediation apparatus provided in each
network autonomously forwards a route request, receives
feedback indicating the amount of an available resource
from the route request mediation apparatus in the destination
network, and resends a route request. As a result, the route
request source is able to flexibly determine whether to
receive a desired service under a slightly relaxed (degraded)
condition or to receive a service matching its condition from
another network even with an extra cost.

Further, a control apparatus equivalent to the OpenFlow
controller controlling the OpenFlow switch described in
Non-Patent Literatures 1 and 2 can be used as a mechanism
that performs route control and bandwidth control according
to an established route request as described above.

Exemplary Embodiment 1

Next, a first exemplary embodiment of the present dis-
closure, in which the negotiation status management unit
inside the route request mediation apparatus performs
detailed status management, will be described in detail with
reference to the drawings. FIG. 4 is a drawing showing the
configuration of the route request mediation apparatus of the
first exemplary embodiment of the present disclosure.

FIG. 4 shows the configuration of the route request
mediation apparatus 10B connected to the route request
mediation apparatuses 10A and 10C. The route request
mediation apparatus 10B comprises the request receiving
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6

units 13-1 and 13-2, the response sending units 14-1 and
14-2, the negotiation status management unit 15, the accep-
tance assessment unit 16, and the resource management unit
17. Further, in the example in FIG. 4, an input unit 11 is
connected to the request receiving unit 13-1 of the route
request mediation apparatus 10B, and a display apparatus 12
is connected to the negotiation status management unit 15.
The input unit 11 and the display apparatus 12 may be
omitted if unnecessary. Further, the route request mediation
apparatuses 10A and 10C are configured identically,
although not shown in FIG. 4.

The input unit 11 is used when a user enters a route
request, and the display apparatus 12 is used for displaying
a route request received from other apparatuses and a
response thereto.

From the input unit 11 or the route request mediation
apparatus 10A, the request receiving unit 13-1 receives a
route request with a service level condition added (simply
referred to as “route request” hereinafter) or a response to
the route request, and outputs it to the negotiation status
management unit 15.

The request receiving unit 13-2 also receives a route
request with a service level condition added or a response to
the route request from the route request mediation apparatus
10C, and outputs it to the negotiation status management
unit 15.

From the negotiation status management unit 15, the
response sending unit 14-1 receives a response to the route
request from the route request mediation apparatus 10A, and
transmits it to the route request mediation apparatus 10A.

As the response sending unit 14-1, the response sending
unit 14-2 also receives from the negotiation status manage-
ment unit 15 a response to the route request from the route
request mediation apparatus 10C, and transmits it to the
route request mediation apparatus 10C.

Further, in the example of FIG. 4, the request receiving
units 13-1 and 13-2, and the response sending units 14-1 and
14-2 are provided on the sides of the route request mediation
apparatuses 10A and 10C, respectively, but the request
receiving units 13-1 and 13-2, and the response sending
units 14-1 and 14-2 may be separately integrated.

The resource management unit 17 manages a resource to
be managed in a network in which the route request media-
tion apparatus 10B is provided. In the present exemplary
embodiment, it is assumed that the resource management
unit 17 manages network line bandwidth.

The acceptance assessment unit 16 responds to a request
from the negotiation status management unit 15 and assesses
whether or not to accept the resource amount requested by
a route request. Further, responding to an instruction from
the negotiation status management unit 15, the acceptance
assessment unit 16 instructs the resource management unit
17 to allocate or release a resource.

For instance, the negotiation status management unit 15
manages the negotiation status of each route request using a
negotiation status management table shown in FIG. 5.
Further, the negotiation status management unit 15 requests
the acceptance assessment unit 16 to determine whether or
not to accept the resource amount requested by a route
request when the route request requests a resource in its own
network. Further, when the negotiation status of a route
request changes, the negotiation status management unit 15
instructs a resource to be allocated or released via the
acceptance assessment unit 16 according to the content of
the change.

FIG. 5 shows an example of the negotiation status man-
agement table held in the negotiation status management
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unit 15. With reference to FIG. 5, a table capable of storing
a record that associates a negotiation transaction 1D, request
source 1D, negotiation status, service level condition, and
requested resource location with each other is shown. Fur-
ther, “NA” in FIG. 5 indicates a state in which no designa-
tion is made.

The “negotiation transaction ID” is an ID for uniquely
understanding the transfer of a series of messages derived
from a new route request by regarding the transfer as a
transaction every time a route request is received, and is
issued by the negotiation status management unit 15.

The “request source ID” is an ID identifying the sources
of the route request such as the user and the route request
mediation apparatus.

The “negotiation status” is a field in which status infor-
mation such as “resource unallocated,” “resource allocation
pending,” “resource release pending,” “in use,” and “can-
celled” is recorded as shown in FIG. 5. The “resource
unallocated” status indicates a state in which a new route
request has been received and a negotiation transaction 1D
has been issued. “Resource allocation pending” indicates a
state in which there is a response from the route request
mediation apparatus in the destination of the route request
and a resource indicated by the response (resource corre-
sponding to the resource amount in the response) has been
reserved. “Resource release pending” indicates a state in
which a route request requesting the reduction of a requested
resource has been received from the request source of the
route request and a resource in use includes an unnecessary
amount. “In use” indicates a state in which a route request
negotiation has been settled and a resource has been allo-
cated as requested by the route request. “Cancelled” indi-
cates a state in which a route cancellation request has been
received from the request source of the route request.

“Service level condition” and “requested resource loca-
tion” indicate the service level included in a route request
such as a requested bandwidth and the location of the
requested resource.

FIGS. 6 and 7 are flowcharts showing the operation of the
negotiation status management unit 15 when receiving a
route request or response from the input unit 11 or another
route request mediation apparatus. With reference to FIGS.
6 and 7, the basic operation of the negotiation status man-
agement unit 15 will be described below. With reference to
FIG. 6, first when receiving a new route request (Y in step
S101), the negotiation status management unit 15 adds a
new record to the negotiation status management table (step
S102). The negotiation status of the record at this point is
“resource unallocated” as the record of a negotiation trans-
action ID 00XX shown in FIG. 5. When the received route
request only requests a resource in its own network, the
acceptance assessment unit 16 is inquired whether or not the
requested resource can be accepted, and if so, the resource
is allocated (step S108). Meanwhile, when the received
route request requests a resource outside its own network,
the route request is forwarded to the route request mediation
apparatus to which the resource is allocated, and a response
therefrom is awaited (the step S108).

Further, when the received route request is not a new route
request (N in the step S101) but a route request requesting
the cancellation of a route (Y in step S103), the negotiation
status management unit 15 changes the negotiation status of
the corresponding record to the “cancelled” status (step
S104) as the record of a negotiation transaction 1D 00ZZ
shown in FIG. 5. When the received route cancellation
applies to a resource of its own network, the resource
management unit 18 is permitted to release the resource via
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the acceptance assessment unit 16 (the step S108). Further,
when the received route cancellation applies to a resource
outside its own network, the route request requesting the
cancellation of the route is forwarded to the route request
mediation apparatus to which the resource is allocated (the
step S108).

Further, when the received route request is neither a new
route request nor a route request requesting the cancellation
of a route (N in the step S103), the negotiation status
management unit 15 checks whether or not the bandwidth
requested by the received route request is less than the
bandwidth reserved for or used by the same transaction 1D
(step S105). If the bandwidth requested by the received route
request is less than the bandwidth reserved for or used by the
same transaction ID (Y in the step S105), this means that a
route request requesting the reduction of a requested
resource is received from the request source of the route
request; therefore, the negotiation status management unit
15 changes the negotiation status of the corresponding
record to the “resource release pending” status as the record
of a negotiation transaction ID 00YY in FIG. 5 (step S106).
Further, when the received route request applies to a
resource in its own network, the resource management unit
17 is sent an instruction of resource release pending via the
acceptance assessment unit 16 (step S107). Upon receiving
the resource release pending instruction, the resource man-
agement unit 17 is able to release an unnecessary resource
as necessary. Further, when the received route request also
applies to a resource outside its own network, the route
request decreasing the requested bandwidth is forwarded to
the route request mediation apparatus to which the resource
is allocated (the step S108).

Meanwhile, when the bandwidth requested by the
received route request is equal to or more than the bandwidth
reserved for or used by the same transaction ID (N in the step
S105), the negotiation status management unit 15 forwards
the route request to the acceptance assessment unit 16 and
the route request mediation apparatus to which the resource
in question is allocated without changing the negotiation
status of the corresponding record (the step S108).

Upon receiving a response from the route request media-
tion apparatus to which the route request was forwarded in
the step S108 in FIG. 6, the negotiation status management
unit 15 checks if the content thereof is a positive response
(the negotiation settled) as shown in FIG. 7 (step S201).
When a positive response is received (Y in the step S201),
the negotiation status management unit 15 changes the
negotiation status of the corresponding record to the “in use”
status (step S202). Further, the acceptance assessment unit
16 is requested to allocate a resource, and the received
response is forwarded to the route request mediation appa-
ratus and the user of the request source of the route request
(step S205).

Meanwhile, when the response is a negative response (N
in the step S201), the negotiation status management unit 15
checks if this negative response has any condition (step
S203). Here, when the negative response has a condition (Y
in the step S203), since the negotiation continues, the
negotiation status management unit 15 changes the nego-
tiation status of the corresponding record to the “resource
allocation pending” status (step S204). Further, the accep-
tance assessment unit 16 is requested to allocate (reserve) a
resource, and the received response is forwarded to the route
request mediation apparatus and the user of the request
source of the route request (the step S205).

Meanwhile, when the negative response has no condition
(N in the step S203), the negotiation status management unit
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15 forwards the received response to the acceptance assess-
ment unit 16 and the route request mediation apparatus and
the user of the request source of the route request without
changing the negotiation status of the corresponding record
(the step S205).

Further, the route request mediation apparatus described
above can be realized by a computer program that has a
computer constituting the route request mediation apparatus
execute each processing described using the hardware
thereof.

Next, the flow of the route request mediation processing
by the route request mediation apparatus of the present
exemplary embodiment will be described on a step-by-step
basis with reference to FIGS. 8 to 20. In the example
described below, a user corporation (U) accessing the route
request mediation apparatus 10B shown in FIG. 4 requests
a route to a data center (DC), in which a route request
mediation apparatus 10D of a different network is provided,
via the route request mediation apparatus 10C of a adjacent
network.

FIG. 8 is a drawing showing a state (1) in which the user
corporation U transmits a new route request requesting the
nearest route request mediation apparatus 10B to allocate a
bandwidth of 10 Mbps or more. Having received the route
request, the negotiation status management unit 15 of the
route request mediation apparatus 10B generates a record
with the user corporation U as the request source ID and
0001 as the transaction ID. At this point, the negotiation
status is “resource unallocated;” therefore, the line of the
resource management unit 17 is still unused.

FIG. 9 is a drawing showing a state (2) in which the route
request mediation apparatus 10B forwards the conditional
route request to the adjacent route request mediation appa-
ratus 10C. As shown in FIG. 9, since the resource allocation
destination of the route request is not in its own network, the
route request mediation apparatus 10B forwards the route
request to the adjacent route request mediation apparatus
10C. Upon receiving the route request, the negotiation status
management unit 15 of the route request mediation appara-
tus 10C generates a record with the route request mediation
apparatus 10B as the request source ID and 0001 as the
transaction ID, as the route request mediation apparatus
10B. At this point, the negotiation status is “resource unal-
located;” therefore, the line of the resource management unit
17 of the route request mediation apparatus 10C is still
unused.

FIG. 10 is a drawing showing a state (3) in which the route
request mediation apparatus 10C forwards the route request
to the destination (DC). As shown in FIG. 10, since the
resource allocation destination of the route request is not in
its own network, the route request mediation apparatus 10C
forwards the route request to the adjacent route request
mediation apparatus 10D. Upon receiving the route request,
the negotiation status management unit 15 of the route
request mediation apparatus 10D generates a record with the
route request mediation apparatus 10C as the request source
ID and 0001 as the transaction ID, as the route request
mediation apparatuses 10B and 10C. At this point, the
negotiation status is “resource unallocated;” therefore, the
line of the resource management unit 17 of the route request
mediation apparatus 10C is still unused.

FIG. 11 is a drawing showing a state (4) in which the route
request mediation apparatus 10D of the destination (DC) is
performing acceptance assessment. As shown in FIG. 11,
since the resource allocation destination of the route request
is in its own network, the negotiation status management
unit 15 of the route request mediation apparatus 10D asks
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the acceptance assessment unit 16 if the request can be
accepted. Here, it is assumed that, according to a predeter-
mined resource allocation policy, the acceptance assessment
unit 16 of the route request mediation apparatus 10D replies
that 5 Mbps, the upper limit of the policy, may be allocated.
Upon receiving this response, the negotiation status man-
agement unit 15 of the route request mediation apparatus
10D changes the negotiation status of the record having the
transaction ID 0001 to “resource allocation pending,” and
updates the service level condition and the resource alloca-
tion destination. Further, the negotiation status management
unit 15 of the route request mediation apparatus 10D
requests the acceptance assessment unit 16 to reserve 5
Mbps. As a result, 5 Mbps on the line of the resource
management unit 17 of the route request mediation appara-
tus 10D are reserved. Further, the negotiation status man-
agement unit 15 of the route request mediation apparatus
10D transmits a negative response with a condition of 5
Mbps (OK if 5 Mbps) to the route request mediation
apparatus 10C, the request source.

FIG. 12 is a drawing showing a state (5) in which the
negotiation status management unit of the route request
mediation apparatus 10C is performing acceptance assess-
ment based on the conditional negative response. As shown
in FIG. 12, the negotiation status management unit 15 of the
route request mediation apparatus 10C asks the acceptance
assessment unit 16 if the conditional negative response can
be accepted. Here, it is assumed that the acceptance assess-
ment unit 16 of the route request mediation apparatus 10C
replies that 5 Mbps can be allocated as requested. Upon
receiving this response, the negotiation status management
unit 15 of the route request mediation apparatus 10C
changes the negotiation status of the record having the
transaction ID 0001 to “resource allocation pending,” and
updates the service level condition and the resource alloca-
tion destination. Further, the negotiation status management
unit 15 of the route request mediation apparatus 10C
requests the acceptance assessment unit 16 to reserve 5
Mbps. As a result, 5 Mbps on the line of the resource
management unit 17 of the route request mediation appara-
tus 10C are reserved. Further, the negotiation status man-
agement unit 15 of the route request mediation apparatus
10C transmits a negative response with a condition of 5
Mbps (OK if 5 Mbps) to the route request mediation
apparatus 10B, the request source.

FIG. 13 is a drawing showing a state (6) in which the
negotiation status management unit of the route request
mediation apparatus 10B is performing acceptance assess-
ment based on the conditional negative response. As shown
in FIG. 13, the negotiation status management unit 15 of the
route request mediation apparatus 10B asks the acceptance
assessment unit 16 if the conditional negative response can
be accepted. Here, it is assumed that the acceptance assess-
ment unit 16 of the route request mediation apparatus 10B
also replies that 5 Mbps can be allocated as requested. Upon
receiving this response, the negotiation status management
unit 15 of the route request mediation apparatus 10B
changes the negotiation status of the record having the
transaction ID 0001 to “resource allocation pending,” and
updates the service level condition and the resource alloca-
tion destination. Further, the negotiation status management
unit 15 of the route request mediation apparatus 10B
requests the acceptance assessment unit 16 to reserve 5
Mbps. As a result, 5 Mbps on the line of the resource
management unit 17 of the route request mediation appara-
tus 10B are reserved. Further, the negotiation status man-
agement unit 15 of the route request mediation apparatus
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10B transmits a negative response with a condition of 5
Mbps (OK if 5 Mbps) to the user corporation (U), the request
source.

FIG. 14 is a drawing showing a state (7) in which the user
corporation U transmits a route request again with the initial
request of 10 Mbps degraded to 5 Mbps based on the
conditional negative response (OK if 5 Mbps).

FIG. 15 is a drawing showing a state (8) in which the route
request mediation apparatus 10B forwards the route request
with the degraded condition of 5 Mbps in order. The route
request mediation apparatuses 10B and 10C forward the
route request. The negotiation status management unit 15 of
the route request mediation apparatus 10D asks the accep-
tance assessment unit 16 if the request can be accepted since
the resource allocation destination of the route request is in
its own network. The acceptance assessment unit 16 of the
route request mediation apparatus 10D replies that a band-
width for the route request can be allocated since a band-
width of 5 Mbps has been already secured. Upon receiving
this response, the negotiation status management unit 15 of
the route request mediation apparatus 10D changes the
negotiation status of the record having the transaction 1D
0001 to “in use” and requests the acceptance assessment unit
16 to allocate 5 Mbps. As a result, 5 Mbps on the line of the
resource management unit 17 of the route request mediation
apparatus 10D become in use. Further, the negotiation status
management unit 15 of the route request mediation appara-
tus 10D transmits a positive response to the requested
bandwidth of 5 Mbps to the route request mediation appa-
ratus 10C, the request source. Similarly, the negotiation
status management units 15 of the route request mediation
apparatuses 10C and 10B change the negotiation status of
the record having the transaction ID 0001 to “in use” and
requests the acceptance assessment unit 16 to allocate 5
Mbps. As a result, the user corporation U is able to use the
line.

FIG. 16 is a drawing showing a state (9-1) in which the
line of the route request mediation apparatus 10C becomes
overstrained after some time has elapsed since the state in
FIG. 5 as a result of providing resources to other users in the
same procedure. The bandwidth of 5 Mbps requested by the
user corporation U is still allocated in this state as well.

FIG. 17 is a drawing showing a state (9-2) in which the
user corporation U using the line requests the degradation of
the service level. This request is made by transmitting a
route request with the requested bandwidth degraded to 1
Mbps.

FIG. 18 is a drawing showing a state (9-3) in which the
route request mediation apparatus 10B receives the route
request with the requested bandwidth degraded to 1 Mbps.
Having received the route request with the requested band-
width degraded to 1 Mbps, the route request mediation
apparatus 10B changes the negotiation status of the record
having the transaction ID 0001 to “resource release pend-
ing” and transmits the route request with the requested
bandwidth degraded to 1 Mbps to the route request media-
tion apparatus 10C. Further, the negotiation status manage-
ment unit 15 of the route request mediation apparatus 108
notifies the acceptance assessment unit 16 that the difference
of'4 Mbps is in a resource release pending state in which the
resource can be released anytime. As a result, 4 Mbps on the
line of the resource management unit 17 of the route request
mediation apparatus 10D gets into a release pending state.

FIG. 19 is a drawing showing a state (9-4) in which the
route request mediation apparatus 10C receives the route
request with the requested bandwidth degraded to 1 Mbps.
Having received the route request with the requested band-
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width degraded to 1 Mbps, the route request mediation
apparatus 10C changes the negotiation status of the record
having the transaction ID 0001 to “resource release pend-
ing” and transmits the route request with the requested
bandwidth degraded to 1 Mbps to the route request media-
tion apparatus 10D. Further, the negotiation status manage-
ment unit 15 of the route request mediation apparatus 10B
notifies the acceptance assessment unit 16 that the difference
of'4 Mbps is in a resource release pending state in which the
resource can be released anytime. As a result, 4 Mbps on the
line of the resource management unit 17 of the route request
mediation apparatus 10D gets into a release pending state.

FIG. 20 is a drawing showing a state (9-5) in which the
route request with the requested bandwidth degraded to 1
Mbps reaches the route request mediation apparatus 10D.
The route request mediation apparatus 10D asks the accep-
tance assessment unit 16 if the request can be accepted since
the resource allocation destination is in its own network.
Here, the acceptance assessment unit 16 of the route request
mediation apparatus 10D replies that the bandwidth for the
route request can be changed because 5 Mbps have been
already allocated. Upon receiving this response, the nego-
tiation status management unit 15 of the route request
mediation apparatus 10D changes the service level condition
of the record having the transaction ID 0001 to 1 Mbps and
requests the acceptance assessment unit 16 to release 4
Mbps. As a result, the bandwidth in use on the line of the
resource management unit 17 of the route request mediation
apparatus 10D is 1 Mbps and the rest is unused. Further, the
negotiation status management unit 15 of the route request
mediation apparatus 10D transmits a positive response to the
requested bandwidth of 1 Mbps to the route request media-
tion apparatus 10C. Similarly, the negotiation status man-
agement units 15 of the route request mediation apparatuses
10C and 10B change the service level condition of the record
having the transaction ID 0001 to 1 Mbps and requests the
acceptance assessment unit 16 to release 4 Mbps. As a result,
the bandwidths in use on the lines of the resource manage-
ment units 17 of the route request mediation apparatuses
10B and 10C are 1 Mbps and the rest is released. This
somewhat mitigates the overstrained state of the line of the
route request mediation apparatus 10C.

As described, according to the present exemplary embodi-
ment, it becomes possible to effectively utilize limited
resources under detailed status management. Further, in
(9-1) to (9-5) above, the explanation was made using the
example in which the route request with the requested
bandwidth degraded to 1 Mbps is transmitted, however, a
resource negotiation is carried out following the above
procedures (1) to (3) even when a route request with the
requested bandwidth increased to more than the allocated 5
Mbps, for instance, to 7 Mbps is transmitted. As a result, if
the requested bandwidth of 7 Mbps can be allocated in the
route request mediation apparatus 10D, the negotiation will
be settled as in the state (8) in FIG. 15. If the requested
bandwidth of 7 Mbps cannot be allocated, a negative
response will be sent back as in the states (4) to (6) in FIGS.
11 to 13. Meanwhile, the allocated 5 Mbps are maintained.

An exemplary embodiment of the present disclosure has
been described above, however, the present disclosure is not
limited to the exemplary embodiment described and further
modifications, substitutions, and adjustments can be added
within the scope of the basic technological concept of the
present disclosure. For instance, the number and the con-
nection relationship of the route request mediation appara-
tuses in the exemplary embodiment described above are
merely an example and are not limited thereto.
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Further, the sequence described in the exemplary embodi-
ment above is a simplified example for explaining the
principles of the present disclosure, and various modifica-
tions can be added. For instance, in the exemplary embodi-
ment above, a response is returned based on the result of an
inquiry to the accumulation unit of a route request mediation
apparatus, however, each route request mediation apparatus
may add a resource in a sleep mode or a process in which the
route request mediation apparatuses work together may be
added.

Further, in the exemplary embodiment above, a route to a
bandwidth is requested, however, the present disclosure can
be applied to cases where a route to other resources such as
storage capacity of a data center that a user wants to use and
the number of virtual machines are requested. Further, a
route request requesting the allocation of a plurality of
resource types can be addressed.

Further, each disclosure of Patent Literature and Non-
Patent Literatures listed above is incorporated herein in its
entirety by reference thereto. It should be noted that other
objects, features and aspects of the present invention will
become apparent in the entire disclosure and that modifica-
tions may be done without departing the gist and scope of
the present invention as disclosed herein and claimed as
appended herewith. Also it should be noted that any com-
bination of the disclosed and/or claimed elements, matters
and/or items may fall under the modifications aforemen-
tioned. Particularly, the ranges of the numerical values used
in the present document should be interpreted as a specific
numeric value or small range included in the ranges even in
cases where it is not stated so.

REFERENCE SIGNS LIST

10, 10A to 10D: route request mediation apparatus
11: input unit

12: display apparatus

13-1, 13-2: request receiving unit

14-1, 14-2: response sending unit

15: negotiation status management unit

16: acceptance assessment unit

17: resource management unit

What is claimed is:

1. A route request mediation apparatus, comprising:

a resource management unit that manages a resource of a
network to be managed;

a request receiving unit that receives a route request with
an added service level condition from a user or another
route request mediation apparatus;

a negotiation status management unit that forwards said
route request to a destination specified by said route
request, and manages a negotiation status based on a
response from said destination;

an acceptance assessment unit that assesses whether or
not to accept said route request by referring to said
negotiation status managed by said negotiation status
management unit and to said resource management
unit; and

a response sending unit that responds with an assessment
result indicating whether or not said route request is
accepted to the request source of said route request,

wherein, when receiving a response partially accepting a
service level added to said route request as a response
from said destination of said route request, said nego-
tiation status management unit forwards said response
including said service level indicated by said response
to said user or another route request mediation appa-
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ratus, and receives a re-request for said response
including said service level from said user or another
apparatus.

2. The route request mediation apparatus according to
claim 1, wherein, when receiving a response partially
accepting a service level added to said route request as a
response from said destination of said route request, said
negotiation status management unit reserves a resource that
corresponds to a service level indicated by said response
from said destination of said route request.

3. The route request mediation apparatus according to
claim 1, wherein when receiving a new route request from
said request receiving unit, said negotiation status manage-
ment unit issues a transaction ID and manages the negotia-
tion status between the route request source and the route
request destination using said transaction ID.

4. The route request mediation apparatus according to
claim 1, wherein said negotiation status management unit
manages the negotiation status between the route request
source and the route request destination using statuses
including at least two following statuses: a resource alloca-
tion pending status in which a predetermined resource is
reserved and a resource release pending status in which the
release of an allocated resource is possible.

5. A control apparatus realizing a route request accepted
by the route request mediation apparatus according to claim
1 by controlling a switch in a network.

6. The route request mediation apparatus according to
claim 1, wherein, when receiving a new route request from
said request receiving unit, said negotiation status manage-
ment unit issues a transaction ID and manages the negotia-
tion status between the route request source and the route
request destination using said transaction ID.

7. The route request mediation apparatus according to
claim 2, wherein, when receiving a new route request from
said request receiving unit, said negotiation status manage-
ment unit issues a transaction ID and manages the negotia-
tion status between the route request source and the route
request destination using said transaction ID.

8. The route request mediation apparatus according to
claim 1, wherein said negotiation status management unit
manages the negotiation status between the route request
source and the route request destination using statuses
including at least two following statuses: a resource alloca-
tion pending status in which a predetermined resource is
reserved and a resource release pending status in which the
release of an allocated resource is possible.

9. The route request mediation apparatus according to
claim 2, wherein said negotiation status management unit
manages the negotiation status between the route request
source and the route request destination using statuses
including at least two following statuses: a resource alloca-
tion pending status in which a predetermined resource is
reserved and a resource release pending status in which the
release of an allocated resource is possible.

10. The route request mediation apparatus according to
claim 3, wherein said negotiation status management unit
manages the negotiation status between the route request
source and the route request destination using statuses
including at least two following statuses: a resource alloca-
tion pending status in which a predetermined resource is
reserved and a resource release pending status in which the
release of an allocated resource is possible.

11. A control apparatus realizing a route request accepted
by the route request mediation apparatus according to claim
2 by controlling a switch in a network.
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12. A control apparatus realizing a route request accepted
by the route request mediation apparatus according to claim
3 by controlling a switch in a network.

13. A control apparatus realizing a route request accepted
by the route request mediation apparatus according to claim
4 by controlling a switch in a network.

14. A route request mediation method performed by a
route request mediation apparatus comprising a resource
management unit that manages a resource of a network to be
managed, said route request mediation method including:

receiving a route request with an added service level

condition from a user or another route request media-
tion apparatus;

forwarding said route request to a destination specified by

said route request, and managing a negotiation status
based on a response from said destination;

assessing whether or not to accept said route request by

referring to said negotiation status managed by said
negotiation status management unit and to said
resource management unit; and

responding with an assessment result indicating whether

or not said route request is accepted to the request
source of said route request,

wherein said forwarding said route request to said desti-

nation specified by said route request comprises:

when receiving a response partially accepting a service
level added to said route request as a response from
said destination of said route request, forwarding
said response including said service level indicated
by said response to said user or another route request
mediation apparatus, and receiving a re-request for
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said response including said service level from said
user or another apparatus.

15. A non-transient computer-readable storage medium
that records a program having a computer that constitutes a
route request mediation apparatus comprising a resource
management unit that manages a resource of a network to be
managed execute:

a process of receiving a route request with an added
service level condition from a user or another route
request mediation apparatus;

a process of forwarding said route request to a destination
specified by said route request, and managing a nego-
tiation status based on a response from said destination;

a process of assessing whether or not to accept said route
request by referring to said negotiation status managed
by said negotiation status management unit and to said
resource management unit; and

a process of responding with an assessment result indi-
cating whether or not said route request is accepted to
the request source of said route request,

wherein, when receiving a response partially accepting a
service level added to said route request as a response
from said destination of said route request, said process
of forwarding said route request to said destination
specified by said route request forwards said response
including said service level indicated by said response
to said user or another route request mediation appa-
ratus, and receives a re-request for said response
including said service level from said user or another
apparatus.



